The vibrational properties of interstitial silane (SiH 4 ) i and silyl (SiH 3 ) i molecules in crystalline silicon are calculated using a first-principle, cluster based, spin-polarised local-density method. The Si-H stretch modes are found to be red-shifted by ∼ 300 cm −1 from those of the isolated molecule which lie around 2200 cm −1 . These results refute recent suggestions that modes observed around 2200 cm −1 , and previously assigned to hydrogenated vacancy defects, are due to these interstitial molecules.
I. INTRODUCTION
The behaviour of hydrogen as an impurity in crystalline silicon has been of widespread interest, due to the large range of effects on the electronic and structural properties of the material.
1 Numerous infrared absorption lines associated with hydrogen have been observed by various experimental groups, 2 with those related to complexes of native defects with hydrogen being particularly common in irradiated and proton implanted material.
A large number of infrared absorption lines have been observed in the range 1800 -2300 cm −1 after proton implantation, which shift downwards in frequency by ∼ √ 2 in deuteron implanted material. This implies that the modes are due to the stretch in covalent bonds between hydrogen and silicon, since this frequency range is near to that of the Raman It is more dificult to understand whether gold-doping should act to remove interstials from the lattice, since Au normally sits at substitutional sites in the lattice, and so would be expected to remove vacancies from the lattice instead of interstitals.
Moreover, arguments about (SiH 4 ) i rather than VH 4 being produced in Si containing impurities with smaller covalent radii than Si must be treated with reservation. 
II. CALCULATIONAL METHODS
Given these contrary viewpoints, there is a clear need to investigate theoretically the structure and vibrational properties of the interstitial silane and silyl molecules to ascertain whether assignment to the 2222 and 2166 cm −1 modes is credible. This is accomplished in the present paper by carrying out density-functional cluster calculations using the AIMPRO code.
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The defect molecules were each inserted into a Si 84 H 64 cluster centered on the tetrahedral interstitial site. The wave-function basis consisted of independent s and p Gaussian orbitals, with four different exponents, sited at each Si site and three at each H atom of the molecule.
A fixed linear combination of two Gaussian orbitals was sited on the terminating H atoms. In addition, single Gaussian functions were placed at each Si-H bond of the molecule and every There are two forms of interstitial (SiH 4 ) i with T d symmetry, with the four Si-H bonds aligned either towards the four nearby hexagonal sites, or alternately towards the four neighbouring Si atoms. The first configuration is calculated to be 9.3 eV lower in energy than the second. This is due to strong interaction between the molecular hydrogen atoms and the nearby silicon atoms in the surrounding cage, which are forced close together in the second configuration.
To test the convergence of the molecular properties with respect to cluster size, the lower energy structure was re-calculated in a cluster with all of the atoms, including the surface terminating hydrogen allowed to relax. In a cluster of this size, the fixed-surface relaxation could be expected to give an unphysically rigid surrounding to the molecule, and the relaxed surface cluster would give an excessively flexible model for the surrounding crystal, hence the two types of simulation will give results lying on either side of the true defect properties.
Similarly, to test for effects of increasing the basis, the calculations were repeated in the 148 (plus defect) atom cluster with fixed surface, but with a larger basis using eight different exponents sited at each Si atom for both the wavefunction and charge density, in addition, a second Gaussian was placed between every bonded pair of atoms. The effects on the molecular vibrational frequency of these changes are shown in table II, the frequency is seen to be converged to within ∼ 100 cm −1 with respect to both cluster size and basis.
III. RESULTS
The calculated quasiharmonic vibrational modes of the low energy form of interstitial silane are shown in table I, and compared with the experimental XH 4 defect modes 7 The calculated frequencies for the interstitial molecule differs from experimental values by > 300 cm −1 for all modes, which is large enough to be reasonably confident in ruling out Si 4
as being the defect species responsible.
To further test the assignment of the 2222 cm −1 to interstitial Si 4 , the energy of this defect was compared against that of two experimentally known defects with an equivalent stoichiometry. The previously identified hydrogen saturated split-interstitial 10 and the interstitial hydrogen molecule 22 were chosen as obvious candidates for competing defects in the material. The calculated energy difference, using the same basis as the interstitial- Only the high energy (∼ 4.2 eV above the lowest energy structures for the three charge states) D structure has modes that are close to the experimental values, but due to the high energy of this structure, it must be discounted as a possible candidate for the defect.
So for both the silane and silyl molecules, the calculated vibrational frequencies differ from the experimental observed spectra by more than 300 cm −1 for all structures, with the exception of the very high energy D structure. Taken together, these results rule out Si 4
and SiH 3 molecules as the candidates for the defects responsible for the 2222 cm 
IV. CONCLUSION
In conclusion, the ab initio calculations offer no support to the idea that the 2222 cm
line originates from an interstitial Si 4 molecule. The frequency of the interstitial silane molecule is found to lie around 1800 cm −1 . As far as we are aware, there are no modes in this region due to tetrahedral defects and hence we conclude that such interstitial molecules do not exist in detectable concentrations.
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